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EMFLUX® PASSIVE, NON-INVASIVE
SOIL-GAS SURVEY

of

HIMCO DUMP SUPERFUND SITE
ELKHART, INDIANA

The following EMFLUX® Methane Survey Report on the HIMCO Dump Superfund Site
(HIMCO Dump) has been prepared for the U.S. Army Corps of Engineers (USAGE) by
Quadrel Services, Inc. (Quadrel) in accordance with the terms of USAGE Purchase Order No.
DACW45-95-P-1084/Purchase Request No. EDGG*A-5192-0013 dated July 27, 1995.
Quadrel's principal contact for this project has been Mr. Rick Grabowski.

1.0 OBJECTIVES

At the request of USAGE, Quadrel conducted an EMFLUX* Survey of a 45-acre section of the
HIMCO Dump, a Superfund Site in Elkhart County, Indiana. The purpose of this EMFLUX®
Methane Survey was to verify the presence of methane and, assuming verification, to estimate
the annual Methane generation rate.

2.0 BACKGROUND

Based on publicly available information1, the HIMCO Dump is a closed and covered landfill that
operated between 1960 and September 1976. The area was initially marsh and grassland; no
liner, leachate, or gas-recovery system was constructed for the landfill. It has been reported that
essentially two-thirds of the waste in the landfill is calcium sulfate from Miles Laboratories; also
present are demolition/construction debris, industrial and hospital wastes, and general household
wastes. In 1977 the landfill was closed and covered, using six inches of Calcium Sulfate and
one foot of sand.

The Dump is currently surrounded by small wooded areas and interrupted wetlands. The central
and eastern portions of the Survey area are characterized by light to heavily wooded terrain and
scrub brush, while the western portion is primarily an open field of tall grass.

'U.S. EPA, Region V, Health and Safety Plan, HIMCO Dump Remedial
Investigation/Feasibility Study, Elkhart, Indiana, Volume 4, July 1990, p. 3-1 through 3-3.



3.0 INVESTIGATION PLAN

The subparagraphs below describe the overall Survey plan, the work carried out in the field, the
schedule followed, and the quality-assurance and quality-control (QA/QC) procedures used.

3.1 Approach

This EMFLUX® Methane Survey utilized Quadrel's proprietary model which relates earth-tide
phenomena to significant fluctuations in vertical gas flow through the earth's crust, thereby
substantially increasing sampling sensitivity and accuracy. The Survey involved a total of 77
points deployed in a modified grid covering the landfill area and including representative points
within 50 feet of landfill boundaries.

Three Landtec GA-90 Infrared Gas Analyzers were used to measure Methane and Carbon
Dioxide concentrations. The sampling procedure required multiple, timed withdrawals of gas
from shallowly embedded collection probes (at to depths of approximately 18 inches). After
each measurement the field instruments were allowed to "zero-out" by sampling ambient-air until
both Methane and Carbon Dioxide concentrations registered 0.0%. Readings were taken every
four hours over a 24-hour schedule. The frequency and schedule were chosen to track vertical
gas velocities predicted by Quadrel's earth-tide model for this site and period.

Upon completion of field work gas-sample concentrations were used to calculate average
Methane generation rates for each sample point. Following areal integration of those values,
an annualized methane-generation rate for the landfill was calculated.

3.2 Survey Plan

The Survey plan for this investigation is shown in Figure 1. The grid pattern employed called
for emplacement of 77 shallow collection tubes, most of which were on 200-foot centers along
lines trending 0°/180° True (corrected for current local 4° West Declination). Sampling
locations on the outer rim of the grid were placed about 50 feet from the observed boundary of
the landfill.

3.3 Site Preparation

Survey lines were laid out by Quadrel personnel using a magnetic compass. Scrub brush and
small trees were removed for surveying purposes, and to improve access to sampling locations.

The EMFLUX* Methane collection tubes were driven to a uniform depth of 18 inches leaving
six inches of the tube above ground (field procedures are provided in Appendix A).



3.4 Field Work

Sample point locations were determined and the Survey area staked on August 7 and 8, 1995.
EMFLUX® Methane collection tubes were deployed on August 8 and capped at 0800 hours on
August 9; all devices were retrieved on August 10, 1995.

Weather conditions for the most part were clear, but there was a brief period of rain during the
afternoon hours of Wednesday, August 9. However, meteorological phenomena are not usually
significant factors in EMFLUX® Surveys.

Deployment and retrieval of EMFLUX* devices were accomplished in conformity with
Quadrel's established Field Procedures (Appendix A).

3.5 Quality Assurance/Quality Control

Field work and reporting were done in accordance with Quadrel's Quality Assurance Program
Plan.

4.0 FINDINGS

The following section outlines results of the EMFLUX* investigation of the HIMCO Dump.

4.1 Computations

The Methane percentages obtained in the field were averaged over time at each point, and the
results were converted to emission flux rates (ng cm'2 s'1) and then to annualized generation rates
(in cubic feet per year, ft3 yr"1) using the following equation.

F = P4/3Da((CtNJOO)/Z)

where: F = Average emission flux rate (ng cm'2 s'1),
P = Porosity,
Da = Diffusivity coefficient (cm2 s"1),
Cx = Methane concentration (percent),
N = Dimensional conversion factor (for Methane 7,160 ng cm'3),
100 = Percent conversion factor, and
Z = depth (cm)

Based on published porosities2, the average porosity for the mixed sand used in the cap of the
HIMCO Dump was assumed to be 0.35; the diffusivity coefficient Da of Methane in free air is
0.165 cm2*1.

2Todd, D.K., Ground Water Hydrology (New York: 1959).

3



The calculated flux values wereplotted and manually contoured (see Figures 2 and 3), then the
resulting isopleths were numencally integrated to provide an estimate of the total annualized
Methane production rate in cubic feet per year using the following equation.

F (total), ng s-' = ((F1+FH)/2)(AJ) + ((F2+F1)/2)(A2-A1)
+ ((FJ+F2)/2)(A3-A2)+...+((Fn+Fn.,)/2)(An-An.1)

where: F = Flux rate, (ng cm"2 s"1) A = Area, cm2

FH=Highest Emission Rate
F,= Highest Contour A,
F2 A2

with: 1 ng/s = 1.557 x 1O3 fflyr

4.2 Data

The Methane concentration data collected in the field are summarized in Table 1 by probe
number, time, and percent Methane in each sample. The table also provides values averaged
over time at each probe location, as well as the range and range factor (high value divided by
low value) for Methane percentages.

Readings for probes 4, 5, 8, 9, and 27 through 52 scheduled for 1200 hours on August 9 were
not used in the calculation of the mean Methane percentages because of equipment difficulties
during that initial sampling. ;

No information is available for samplings taken at probe 5 at 1200 hours and at probe 70 at 1600
hours on August 9, because water in those probes was inadvertently drawn into the analyzer's
intake tube, terminating these readings.

Table 2 presents Methane-generation rates, in nanograms per square centimeter per second
(ng cm'2 s"1), as calculated from concentration data.



5.0 DISCUSSION

5.1 Summary

Quadrel obtained varying but substantial Methane readings at 37 probe locations, most of which
were within the boundaries of the landfill area; values ranged from 0.1 ng cm'2 s'1 to 496.7
ng cm"2 s"1. By contrast, the company found no traces of Methane at 40 locations, most of
which were near the perimeter or outside of the landfill.

Based on the data collected during the 24-hour Survey period, Quadrel estimates that the
HIMCO Dump Superfund Site is producing Methane at an annualized rate of 287 million cubic
feej per year (ft3 yr"1).

5.2 Commentary

5.2.1 The highest mean Methane concentration, 64.9%, occurred at probe 45; the next three
highest values, 57.8%, 55.0%, and 51.6%, were found at probes 8, 24, and 9,
respectively.

5.2.2 The majority of Methane detected was found in two large groupings of detections located
in the central and western portions of the landfill (Figure 3). These groupings are
separated by nondetections at probes 11, 15, 22, and 31 and by low detections at probes
16, 32, and 37. It is of possible significance to note that the areas of high detection
(above 200 ng cm'2 s'1) appear to track to the main landfill access road shown in
Figure 1.

5.2.3 Isolated, but possibly significant detections were made at probes 61, 62, and 77 near the
southeastern perimeter of the HIMCO Site (Figures 2 and 3).

5.2.4 Olfactory detections of Hydrogen Sulfide were made by all three Quadrel field teams
during each scheduled sampling period. It was observed that those probe locations which
produced a strong Hydrogen Sulfide odor also yielded high Methane detections.

5.2.5 Methane detections on the HIMCO Dump were found at very consistent levels, with the
average range factor for all points being only 5.2%. While large and predictable
fluctuations in Methane emissions are generally associated with areas of subsurface
soiJ-gas migration, consistent Methane emission levels such as those found on this site
typically indicate areas currently producing Methane.

MTCrpt\QS1287



Table 1
Methane Concentrations (%)

HIM CO Dump Superfund Site, Elkhart, IN

Date 8/9/95
Time 1200 hours 1600 hours

Sample

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Note:

0.0%
0.0%
1.2%
0.0%
NI

0.0%
8.8%
0.0%
0.0%
38.6%

0.0%

0.0%

0.0%

31.6%

0.0%
0.1%
20.7%
42.5%
16.1%
0.0%

*
NI

0.0%
0.0%

0.9%

* 0.0%
* 0.1%

0.0%
8.7%

* 58.1%
* 51.8%

39.8%

0.0%

0.0%

0.0%

31.3%

0.0%

0.0%

0.9%
42.5%
16.3%
0.0%

2000 hours

0.0%
0.0%
1.1%
0.1%
0.0%
0.0%
8.6%
57.3%
51.1%
39.7%
0.0%
0.0%
0.0%
31.0%
0.0%
0.1%
0.4%
42.0%
15.9%
0.0%

8/10/95
0000 hours

0.0%
0.0%

0.1%
0.0%
0.0%
0.0%
8.3%
57.9%
51.1%
40.1%

0.0%

0.0%

0.0%

31.1%

0.0%

0.0%

0.3%

41.9%

16.0%
0.0%

0400 hours

0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
8.2%
57.5%
51.5%
40.8%

0.0%

0.0%

0.0%

31.2%
0.0%

0.3%

0.5%
41.5%
15.6%
0.0%

0800 hours

0.0%

0.0%
0.0%

0.0%
0.0%

0.0%
8.5%

58.3%
52.4%
40.7%

0.0%

0.0%

0.1%

31.8%
0.0%

0.3%
0.8%

42.0%

16.5%
0.0%

Mean

0.0%
0.0%
0.6%
0.0%
0.0%
0.0%

8.5%
57.8%
51.6%
40.0%

0.0%

0.0%

0.0%

31.3%
0.0%

0.1%

3.9%

42.1%

16.1%

0.0%

Low

0.0%

0.0%
0.0%

0.0%
0.0%

0.0%
8.2%
57.3%
51.1%
38.6%
0.0%

0.0%

0.0%

31.0%

0.0%
0.0%

0.3%

41.5%

15.6%
0.0%

These measurements have not been used in the calculation of Mean values because of equipment difficulties in
No information is available because water in the analyzer tube terminated these samplings.

Hangc
High Factor

0.0%

0.0%

1.2%

0.1%
0.1%
0.0%
8.8% J.I

58.3% 1.0
52.4% 1.0
40.8% I.I

0.0%

0.0%

0.1%
31.8% 1.0
0.0%

0.3%
20.7% 69.0

42.5% 1.0

16.5% 1.1

0.0%
the Held.



Table 1 (cont.)
Methane Concentrations (%)

HIMCO Dump Supcrfund Site, Elkhart, IN

Date
Time

Sample
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
Note:

8/9/95
1200 hours

31.7%
0.0%
51.8%
55.3%
0.0%
0.0%
0.0% *
0.0% *
16.9% *
0.0% *
0.0% *
0.0% *
0.0% *
0.0% *
0.0% *

0.0% *

0.0% *

0.0% *

0.0% *

0.0% *

1600 hours

31.8%
0.0%
0.8%
55.0%
0.0%
0.0%
1.4%
0.0%
18.7%
29.9%
0.0%
1.4%
3.1%
0.0%
0.0%

0.0%

1.3%

30.4%
32.3%
0.5%

2000 hours

31.6%
0.0%
0.3%
55.3%
0.0%
0.0%
0.0%
0.0%
19.2%
31.3%
0.0%
1.2%
2.2%
0.0%
0.0%
0.0%
1.2%

30.2%
48.0%

0.8%

8/10/95
0000 hours

31.5%
0.0%
0.2%
54.5%
0.0%
0.0%
0.0%
0.0%

19.3%
30.8%
0.0%
1.1%
1.3%
0.0%
0.0%

0.0%

1.2%

30.5%
48.9%

1.3%

0400 hours

32.0%
0.0%
0.3%
55.2%
0.0%
0.0%
0.0%
0.0%
19.7%

31.6%
0.0%
0.8%
1.0%
0.0%
0.0%

0.0%

1.2%

30.4%
48.3%
1.9%

0800 hours

31.8%
0.0%
10.7%
54.5%
0.0%
0.0%
0.0%
0.0%
19.7%

31.8%

0.0%

0.6%

0.7%
0.0%
0.0%

0.0%

1.3%

30.6%

4R.R%

0.9%

Mean

31.7%
0.0%
10.7%
55.0%
0.0%

0.0%
0.0%

0.0%
19.3%
31.1%

0.0%

1.0%

1.7%
0.0%
0.0%

0.0%

1.2%

30.4%

45.3%

1.1%

Low

31.5%
0.0%
0.2%
54.5%
0.0%
0.0%
1.4%
0.0%
18.7%

29.9%

0.0%

0.6%

0.7%
0.0%
0.0%

0.0%

1.2%

30.2%
32.3%

0.5%
* These measurements have not been used in the calculation of Mean values hccausc of equipment difficulties
NI No information is available because water in the analyzer tube terminated these samplings.

—BanjyL
Hieh

32.0%
0.0%
51.8%
55.3%
0.0%
0.0%

0.3%
0.0%
19.7%

31.8%

0.0%

1.4%

3.1%
0.0%
0.0%
0.0%

1.3%

30.6%
48.9%

1.9%

Factor

1.0
..

259.0
1.0
..
..

0.2
—

1.1

1.1
..

2.3
4.4

—
—

—

1.1

1.0

1.5

3.8
in the Held.



Table 1 (cont.)
Methane Concentrations (%)

HIM CO Dump Superfund Site, Elkhart, IN

Date
Time

Sample

41

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

58
59
60
Note:

8/9/95
1200 hours 1600 hours

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.0%
0.0%

0.0%
7.6%
2.8%
0.0%

0.0%

0.0%

3.7%
0.0%
0.0%

*
Nl

* 0.0%
* 0.0%
* 0.0%
* 46.6%

* 64.9%

* 0.0%
* 0.0%
* 0.0%
* 0.0%
* 0.0%

* 0.0%

* 11.2%
7.8%
1.8%

0.0%

0.0%

0.0%

5.0%

0.0%
0.0%

2000 hours

0.0%
0.0%
0.0%
45.8%
64.4%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
11.7%
7.2%
1.8%
0.0%
0.0%

0.0%

2.9%

0.0%
0.0%

These measurements have not been
No information is available because

8/10/95
0000 hours

0.0%
0.0%
0.0%
46.6%

64.4%

0.0%

5.0%

0.0%
0.0%
0.0%

0.0%

13.2%
7.6%
1.8%
0.0%

0.0%

0.0%

5.8%

0.0%
0.0%

0400 hours

0.0%
0.0%
0.0%
46.5%

65.4%
0.1%
1.3%
0.0%
0.0%
0.0%

0.0%
14.0%
7.6%
2.0%

0.0%

0.0%

0.0%

6.2%

0.0%
0.0%

0800 hours

0.0%
0.0%
0.0%
47.2%

65.6%
0.0%
0.7%

0.8%
0.0%
0.0%

0.0%

14.9%
7.2%
1.4%

0.0%

0.0%

0.0%

6.9%

0.0%
0.0%

Mean

0.0%
0.0%
0.0%
46.5%

64.9%

0.0%

1.4%

0.2%
0.0%
0.0%

0.0%
13.0%
7.5%
1.9%
0.0%

0.0%

0.0%

5.1%
0.0%

0.0%

Low

0.0%
0.0%

0.0%
45.8%

64.4%

0.0%

0.0%

0.0%
0.0%
0.0%
0.0%

11.0%
7.2%
1.4%

0.0%

0.0%

0.0%

2.9%

0.0%

0.0%
used in the calculation of Mean values because of equipment difficulties
water in the analyzer tube terminated these samplings.

__Bancc_
High

0.0%
0.0%
0.0%

47.2%

65.6%

0.1%

1.5%

0.8%
0.0%
0.0%

0.0%
14.9%
7.8%
2.8%
0.0%

0.0%

0.0%

6.9%

0.0%

0.0%

Factor

_
..

1.0

1.0
—

_

..

—

..

..

1.4

1.1
2.0

—

..

—

..

..

..
in the field.
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Table 1 (cont.)
Methane Concentrations (%)

HIMCO Dump Superfund Site, Elkhart, IN

Date
Time

Samjik
61
62
63
64
65
66
67
68
69
70
71

72
73,
74
75
76
77
Note:

8/9/95
1200 hours 1600 hours

4.2%
45.8%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.0%

0.0%

0.0%
0.0%
0.0%
0.0%

0.0%
9.9%

*
Nl

4.2%
52.0%
0.0%
0.0%
0.0%
0.0%
0.2%
0.0%
0.0%

NI
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%

9.6%

2000 hours

4.3%
44.3%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.0%

0.0%

0.0%
9.1%

8/10/95
0000 hours

4.3%
53.7%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%
0.0%
0.0%

0.0%

0.0%
0.0%
0.0%

0.0%

0.0%
9.2%

0400 hours

4.4%
52.8%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%

0.0%
0.0%
0.0%

0.0%

0.0%
9.0%

0800 hours

4.5%
53.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%

0.0%
0.0%
0.0%

0.0%

0.0%

8.1%

Mean

4.3%
50.3%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%

0.0%
0.0%
0.0%

0.0%

0.0%
9.2%

Low

4.2%
44.3%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.0%

0.0%
0.0%
0.0%

0.0%

0.0%

8.1%
These measurements have not been used in the calculation of Mean values because of equipment difficulties
No information is available because water in the analyzer tube terminated these samplings.

__Rao£c_
High

4.4%

53.7%
0.0%
0.0%
0.0%
0.0%
0.2%
0.0%
0.0%
0.0%

0.0%

0.0%
0.0%

0.0%

0.0%

0.0%

9.9%

Factor

1.0

1.2
_
_
__
—
..
—
—
..
„
_
..
—
—
—

1.2
in the field.



Table!
Average Methane Generation Rates (ng cm~2 s~')

HIM CO Dump Superfund Site, Elkhart, IN

Methane Generation Rate Methane Generation Rate Methane Generation Rate Methane Generation Rate
Sample____(ng cm"1 s~') Sample_____(ng cm"1 s~') Sample____(ng cm"1 s"1) Sample___(ng^rn"1 s~')

1
2
3
4
5
6
7
8
9
10

11

12

13
14

15

16
17

18

19
20

0.0
0.0
4.2
0.2
0.2
0.0
65.1
442.2
394.5
305.5

0.0
0.0
0.1
2J9.6
0.0

1.0
30.1

321.7

122.9
0.0

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

242.7
0.0
81.7
420.4
0.0
0.0
0.0

0.0
147.8

237.7

0.0
7.8
12.7
0.0
0.0

0.0

9.5
232.7
346.2
8.3

41
42
43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59
60

0.0
0.0
0.0
356.0
496.7
0.2
10.7
1.2
0.0

0.0

0.0

99.4
57.4
14.8

0.0

0.0

0.0

38.9

0.0

0.0

61

62
63
64
65
66
67
68
69
70

71
72
73
74
75

76

77

33.0

384.5
0.0
0.0
0.0
0.0
0.3
0.0
0.0

0.0

0.0

0.0
0.0
0.0
0.0

0.0

70.0
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Figure 2
Methane Detections

HIMCO Dump Superfiind Site
Elkhart, IN

Approximate Scale: 1" = 280'
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Figure 3
Methane Isopleths

HIMCO Dump Superfund Site
Elkhart, IN

Approximate Scale: 1" = 280'
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Approximate Landfill Limits

«WT101A



Appendix A

EMFLUX® Methane Survey Field Procedures

A. At each survey point, the team drives a 24-inch long, 1/2-inch i.d. tube 18-inches into
the ground by means of a pointed solid steel slam bar snugly fitted into the tube; the
tube is then purged with air appropriately scrubbed according to the targeted analyte
and the top is sealed with a polyethylene twistcock in the closed position.

B. At a predetermined time, a field team (Members A and B) begins sequentially
sampling the captured gas in each shallow depth tube with a methane gas analyzer.
Member A carries and reads the analyzer while Member B connects and disconnects

the analyzer to the sampling tube and records field notes (i.e., date, time, location,
and measurements). Specifically, at each sample location Member B connects the
analyzer to the twistcock, twists the cock to the open position, leaves it open for 30
seconds, returns the cock to the closed position, then disconnects the analyzer from
the twistcock. While the twistcock is in the open position, Member A watches the
analyzer's readout and reports to Member B the observed measurements, who then
records them. The team then moves on to the next sample location and repeats the
procedure until all probes have been sampled.

C. This sampling is conducted on a predetermined schedule, generally every four hours
for 24 to 48 hours. Once the predetermined number of sampling cycles have been
completed, the team recovers all probes, seals the abandoned holes (if required), and
leaves the site, taking with it all equipment.
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Field Deployment Report
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